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Abstract 


This study aims to investigate the influence of different concentration of silver nanoparticles in 
Dextran (Dx) suspension. The silver nanoparticles (AgNPs) were prepared by chemical reduction method 
using reduction agents, Dextran (Dx) under moderate temperature at different concentration. Three 
different sample solutions were prepared viz., 0.4, g0.8 and 1.2% (w/v) Dx at a constant temperature 
(80°C). Silver nitrate (AgNO3) was taken as the metal precursor while Dx was used as the solid support 
and polymeric stabilizer. The formation of nano silver was identified by the color change from white 
precipitate to yellowish-brown color. Formation of Ag-NPs was determined by UV—Vis spectroscopy 
where surface plasmon absorption maxima can be observed at 412-437 nm from the UV—Vis spectrum. 
The synthesized nanoparticles were also characterized by X-ray diffraction (XRD). The peaks in the XRD 
pattern confirmed that the AgNPs possessed a face-centered cubic and peaks of contaminated crystalline 
phases were unable to be located. The Fourier transform infrared (FT-IR) spectrum suggested the 
complexation present between Dx and AgNPs. Scanning Electron Microscopy (SEM) with EDX and 
Atomic Force Microscopy (AFM) was applied to characterize the morphology, particle size distribution 
of the AgNPs. The average particle size of the stabilized samples ranged from 10-40 nm. It was 
demonstrated that this convenient method is versatile to produce silver nanoparticles with controlled size 


and shape. 
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1. INTRODUCTION 


Colloidal silver nanoparticle dispersions can 
be utilized in many applications such as, medicine 
(antibiotic materials), biochemistry (biosensors), 
electrochemistry (electrode materials), and optics 
(color filters). In addition, nanoscale silver particles 
have found applications in memory devices, 
cosmetics, and dental restorative materials. However, 
large-scale production methods for silver particles and 
nano-particles are frequently based on aqueous 
processes (Pillai et al. 2004). These processes generate 
particles with hydrophilic surfaces that are difficult to 
disperse uniformly in organic media. Nanoparticles 
also have very large surface areas and hence, very 
high surface energies that drive spontaneous room 
temperature agglomeration and _ sintering via 
secondary recrystallization onto larger particles 
(Guenther et al. 1992; Li et al. 2002). In order to 
overcome these problems, the surface of silver 
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nanoparticles must be modified in order to make them 
more hydrophobic and to prevent agglomeration. The 
surface properties of such modified nanoparticles can 
be tailored to achieve a desired property by using 
different functional groups. These surface modified 
nanoparticles structures offer a number of applications 
such as conductive materials in gas sensors, reagents 
for DNA analysis, catalysts, etc. (Brust et al. 2002). 
Such modifications can also improve the stability of 
the particles and their dispersibility in organic media. 


The current investigation supports that use of 
silver ion or metallic silver as well as_ silver 
nanoparticles can be exploited in medicine for burn 
treatment, dental materials, coating stainless steel 
materials, textile fabrics, water treatment, sunscreen 
lotions, etc. And possess low toxicity to human cells, 
high thermal stability and low volatility. Synthesis of 
different morphologies of advanced _ silver 
nanomaterials (nanotubes, nanowires, nano cubes, 
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nanorods, and nanosheets) has been the subject of a 
large number of researchers in many laboratories 
(Mulvaney et al. 2002; Tan et al. 2003; Yu et al. 
2005; Xie et al. 2007). A number of methods were 
used in the past for the synthesis of silver 
nanoparticles for example, reduction in solutions (Kim 
et al. 2009), radiation assisted (Henglein et al. 2001) 
chemical and photoreduction in reverse micelles 
(Esumi et al. 1992), thermal decomposition of silver 
compounds (Zhu et al. 2000) and recently via bio- or 
green-synthesis route (Sharma et al. 2009). 


A multitude of chemical reduction methods 
have been applied to synthesize stable and various 
shapes of silver nanoparticles in water by the use of 
different reducing agents (ascorbic acid (Al-Thabaiti 
et al. 2008), hydrazine (Khan et al. 2009), ammonium 
formate (Won ef al. 2010), dimethylformamide 
(Rodriguez et al. 2012) and sodium borohydride. The 
shape, size and the size distribution strongly depended 
on the strong and weak tendency of organic substrates 
to reduce the silver salts. Dextran is a natural 
macromolecule composed of a-(1-6) linked D-glucose 
units with varying branches depending on the dextran- 
producing bacterial strain. 


Dextran is a hydrophilic and water-soluble 
substance, inert in biological systems and which does 
not affect cell viability. Because of these properties, 
dextran solutions have been used for many years as 
blood expanders to maintain or replace blood volume, 
and studied for uses a carrier system for a variety of 
therapeutic agents. Recent studies revealed that the 
use of dextran as prodrugs component reduces 
toxicity, off ers sustained release and infl uences the 
biodistribution properties of various drugs (Kim et al. 
2001; Bat et al. 1996). 


In this study, we report the results of the 
effects of various factors on the formation of AgNPs. 
Our results indicate that the formation of stable, 
monodispersed colloidal solutions of _ silver 
nanocomposites and silver nanoparticles can be 
achieved using chemical reduction methods. The 
materials were prepared in the form of aqueous 
dispersions using Dx as stabilizing agent, favoring the 
formation of small metal particles; metals salts as 
metal precursor and reducing agent. The synthesis was 
carried out at low temperature (<80°C). The properties 
of nanomaterial were characterized by means of 
Ultraviolet-Visible (UV-Vis) Spectroscopy, X-ray 
diffraction (XRD), Fourier Transform Infrared 
Spectroscopy (FT-IR), Scanning Electron Microscopy 
(SEM) with EDS and Atomic Force Microscopy 
(AFM). 


2. EXPERIMENTAL METHOD 


2.1 Material and Synthesis of Silver NPs 


Silver nitrate (AgNOs, 99.9%) was purchased 
from Sd-fine and used as a precursor in the formation 
of AgNPs. Dx were purchased from Sd-fine and used 
as both reducing and stabilizing agents. All chemicals 
were used without further purification. Demonized 
(DI) water was used as the solvent. 


Preparation of Silver NPs was performed by 
the addition of an aqueous AgNO; solution to an 
aqueous Dx solution. In a typical procedure, 1g of Dx 
was dissolved in 99g of DI water to prepare a lwt% 
solution. The aqueous Dx solution was mixed with 
0.05g¢ of AgNO3 dissolved in 20 ml of DI water in 
heated at 80°C 


3. RESULTS AND DISCUSSION 


3.1. UV-Vis Spectroscopy 


The color of the suspension was changing 
from white to dark violet, when the reaction was 
carried on. The distinctive colors of colloidal silver 
appear due to plasmon absorbance. Incident light 
creates oscillations in conduction electrons on the 
surface of the nanoparticles and electromagnetic 
radiation is absorbed (Solmon et al. 2007). The color 
of the solution and the maximum absorbance are 
related to the size of nanoparticles. This observation 
has been confirmed by UV-Vis absorbance spectra 
which are shown in Fig. 1. The absorbance maximum 
was located at 414, 419 and 421 nm for samples 1 to 
3. These data demonstrate that increasing the molar 
ratio of dextran results in a blue-shift of absorbance 
spectra. This result indicates that the size of the 
nanoparticles formed varies with the concentration of 
dextran, which acts as a reductive agent as well as a 
stabilizer. 


3.2. X-Ray Diffraction (XRD) 


Ag nanoparticles synthesized via the chemical 
reduction method in the AgNO3 solution with various 
Dx (0.4, 0.8 and 1.2% (w/v)) concentrations were 
observed under XRD as shown in Fig.2a, b and c. The 
XRD pattern shows two peaks at 38.2° and 44.3°, 
which are assigned to the (1 1 1) and (2 0 0), planes of 
face-centered cubic (FCC) Ag (JCPDS File No. 04- 
0783). The absence of silver oxide peaks indicates that 
the as-prepared nanoparticles are made of pure silver. 
The crystal size of the particles calculated from the 
Scherer equation, D=KA/B cos@. Where D is the 
crystal size of the catalyst, 1 the X-ray wavelength 
(1.5406 A°), B- the full width at half maximum 
(FWHW) of the catalyst, K is a co-efficient (0.89) and 
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Q- is the diffraction angle. Whereas the result showed 
that the crystal size decreasing with increasing the 
concentration. Where, 4.7nm (a), 4.6nm (b) and 4.4nm 
(c) for Ag/Dx nanocomposites at constant temperature 
(80°C). The calculated lattice constant, according to 
the spacing (dg) of the (1 | 1) plane (Fig2c) and the 
equation 1/dg * = (h? + k? + I*)/a? is 0.1807 nm, which 
is in good agreement with the standard value of 
0.1792 nm. Moreover, the sharp and intensive peak at 
20= 38.2° (111) indicated a highly organized crystal 
structure of AgNPs. 
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Fig. 1: The UV-visible cures of silver nanoparticles 
produced under different concentrations of 
Dx (0.4, 0.8, and 1.2 % w/v) at 80°C 
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Fig. 2: XRD spectra of Ag/Dx nanoparticles of (a) 
0.4, (b) 0.8 and (c) 1.2% w/v at constant 
temperature(80°C) 


3.3. Fourier Transform Infrared Spectroscopy 
(FT-IR) 

Infra-red spectroscopy of the silver capped 
nanoparticles was also performed (Fig.3a, b and c). 


The Fig 3a shows extra peak at 2881cm'! is the CH>- 
stretch, peaks at 1342 cm, 1279 cm! correspond to 
C-O vibrations. Hence it is clear that interaction of 
capping agent with silver nanoparticles causes 
redistribution of electron density and hence a different 
set of infra-red active vibration and rotational modes. 
Ag/Dx showed broad peaks which are shifted towards 
lower wave numbers with respect to their Fig. (b, c). 
The band of CO — in the Ag/Dx is shifted to lower 
wave number as 1653 and 1386 cm, respectively. 
The IR peaks at 670 and 840 cm! can be assigned to 
out of plane vibrations of O-H bond and C-—H bond, 
respectively. The band at 1434 cm! may be due to C- 
OH deformation vibration with contributions of O-C- 
O symetric stretching vibration of carboxyl ate group 
[34]. The stronger peaks appear in the range of 1150- 
900 cm! mainly attributed to the stretching vibration 
of C-O-C. An IR peak at 2,924 cm’! can be attributed 
to stretching vibration of CH2 group. The strong broad 
peaks at 3,454 cm corresponds to the OH stretching 
vibrations of the strong hydrogen bonds from intra and 
inter-molecular type [35]. It also conform that the 
synthesized compounds is silver nanoparticles. 






































Transmittance (%) 


4000 3500 3000 2500 2000 1500 1000 500 
Wavenumber (cm') 











Fig. 3: FT-IR Spectra of (a) 0.4, (b) 0.8 and (c) 
1.2% w/v are different concentration of 
Ag/Dx nanoparticles 


3.4 Scanning Electron Microscopy (SEM) with 
EDS 


In Figure 4a, b and 4c are showed SEM 
micrographs (magnification 5000) was used to 
investigate the surface morphology of Dextran-Ag 
nanocomposite three concentrations of 0.4, 0.8 and 
1.2% (w/v). SEM images of the samples obtained 
from the colloidal Ag solutions prepared at 80°C. It 
confirms the existence of very small and spherical or 
steroidal nature nanoparticles. Particle size and 
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distribution from a chemical synthesis are dependent 
upon the relative rates of nucleation and growth 
processes, as well as the extent of agglomeration. 
Despite this, it is difficult to control these rates and, 
consequently, size distribution. The steroidal nature of 
the Ag/Dx NPs helps in absorbing the wound exudates 
and also helps in oxygen exchange to the wound 
surface. The indicates that silver nanoparticles are 
formed along with the polymer chains rather than just 
Ag entrapment in the gel networks. Energy dispersive 
X-ray analysis (EDS) of silver nanoparticles revealing 
strong signal in the silver region and thus confirms the 
formation of silver nanoparticles 
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Fig. 4: SEM image with EDX spectrum of (a) 0.4, 
(b) 0.8 and (c) 1.2% w/v are different 
concentration of Ag/Dx Nanoparticles 


3.5. Atomic Force Microscopy (AFM) 


The 1.2 % w/v concentration of Dextran is 
found to be optimum for the synthesis of high 
concentration of AgNPs. The Ag/Dx nanoparticles 
prepared from 1.2 % w/v of Ag is chosen for AFM 
characterization. The particle size of Ag nanoparticles 
is a significant issue in killing microorganisms; 
surface topography was conducted on NPs obtained 


from colloidal silver solutions by Atomic Force 
Microscopy in order to show morphological changes 
and to determine the size of the nanoparticles on the 
surface. Almost all of the silver nanoparticles 
determined as small particles were equally spread and 
uniformly distributed (Fig. 5). The size of particles 
was in the range ~20—52 nm. Smaller sized Ag 
nanoparticles have many positive attributes, such as 
good conductivity, chemical stability, and catalytic 
and antibacterial activity, which would make them 
suitable for many practical applications. The tapping 
mode AFM image clearly shows the formation of 
nanoparticles with spherical or steroidal shape. Owing 
to agglomeration of particle only approximate sizes 
are reported. The size of the particle is 52 nm. 
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Fig. 5: Surface topography of 3-Dimensional image 
and height of Ag/Dx nanoparticle of 1.2% 
w/vat constant temperature (80 °C) 
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4. CONCLUSION 


In conclusion, Ag nanoparticles have been 
prepared by chemical reduction of AgNO3 using 
Dextran at 80°C. Dextran acts as a reducing and 
stabilizing agent for the synthesis of silver 
nanoparticles. The developed silver nanoparticles are 
well characterized using different techniques, to 
confirm the formation of silver nanoparticles. The 
developed silver nanoparticles are well characterized 
using different techniques, to conform the formation 
of silver nanoparticles. The morphology of 
nanocomposite was examined by SEM with and AFM. 
FT-IR, XRD and UV-Visible spectra reveled the 
formation of silver nanoparticles. 
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